Background-Effective therapies for the secondary prevention of coronary heart disease-related events are significantly underused, and attempts to improve adherence have often yielded disappointing results. Elimination of patient out-of-pocket costs may be an effective strategy to enhance medication use. We sought to estimate the incremental cost-effectiveness of providing full coverage for aspirin, ␤-blockers, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, and statins (combination pharmacotherapy) to individuals enrolled in the Medicare drug benefit program after acute myocardial infarction.
P ractice guidelines recommend that all acute myocardial infarction (MI) patients receive treatment with a ␤-blocker, a lipid-lowering agent, an angiotensin-converting enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB), and aspirin 1 unless a contraindication exists. Taken in combination, these drugs have been estimated to reduce the relative risk of coronary heart disease (CHD) mortality by 80% compared with placebo. 2 Although the rates of prescribing these medications at hospital discharge after acute MI have improved substantially, 3 subsequent longer-term adherence to therapy continues to be poor. 4 For example, only 46% of patients with CHD report consistent ␤-blocker use within 1 year of an acute MI, 5 and only 50% of patients are adherent to their prescribed statin. 6 Fewer than 20% of MI patients use all 4 of the recommended agents (S.E. Ramsay, personal communication, 2006). 5
Editorial p 1252 Clinical Perspective p 1268
The cost of prescription drugs borne by patients is a central reason for medication underuse. [7] [8] [9] [10] [11] Even with the advent of prescription drug coverage under Medicare, patients face substantial cost sharing through tiered copayments and a coverage gap or "doughnut hole," 12 and these out-of-pocket costs may reduce the use of prescribed medications. 13, 14 Thus, eliminating these costs may be a simple and effective strategy to increase adherence and to improve clinical outcomes. Moreover, the cost savings from clinical events that are averted by improved adherence may more than offset the incremental cost of full drug coverage (ie, the elimination of cost sharing), as we have demonstrated in a preliminary analysis of post-MI patients who receive health and drug coverage through employer-sponsored commercial insurance. 15 It is unknown whether these results are applicable to Medicare, which provides coverage for Ϸ400 000 MI patients annually (Hospital Intervention QIOSC based on Center for Medicare and Medicaid Services Discharge Claims Data Warehouse, personal communication, 2006, Oklahoma City, OK).
Medicare offers more modest levels of drug coverage under the Part D prescription drug benefit than is typically offered by commercial insurers 16 ; thus, the tradeoff between the cost savings from improved post-MI outcomes and the cost increase from higher prescription drug expenditures may be substantially different for this large, publicly funded national health insurer. In addition, Medicare beneficiaries are generally enrolled for the remainder of their lives, far longer than is seen in commercially insured populations in which patients frequently change insurers and insurers often cannot benefit financially from long-term health benefits accrued. Our earlier analysis considered only a limited number of post-MI events and assessed a short time horizon from the perspective of a typical health insurer. Accordingly, we performed a cost-effectiveness analysis using a Markov state transition model that assessed the incremental value of providing post-MI Medicare beneficiaries with full compared with current levels of prescription drug coverage for their cardiovascular medications over their lifetimes from both the societal and Medicare perspectives.
Methods

Analytic Model
We created a Markov model to evaluate the incremental costs and quality-adjusted life expectancy that would result from providing aspirin, a ␤-blocker, an ACEI or ARB, and a statin (combination pharmacotherapy) to post-MI Medicare beneficiaries without any out-of-pocket costs (full coverage) compared with the typical cov-erage provided by the Medicare Part D program. We simulated a cohort of patients 65 years of age who were discharged alive after an acute MI as they transitioned, in 1-year cycles, through a series of post-MI health states over the course of their lifetimes ( Figure 1 ). In the model, each year a patient could remain well, have a fatal or nonfatal reinfarction or stroke, be hospitalized for congestive heart failure (CHF) with the potential of dying of this condition, or die of other causes.
The TreeAge Pro 2006 software package (TreeAge Software, Williamstown, Mass) was used to perform our analyses. We discounted quality-adjusted life-years (QALYs) and future costs at a rate of 3%. Our base-case analysis was conducted from the societal perspective.
Model Inputs
Current and Expected Medication Adherence
We obtained the current rates of ACEI/ARB, ␤-blocker, and statin use and the proportion of patients taking all combinations of these drugs from a contemporary cohort of Medicare patients enrolled in the Pennsylvania Pharmaceutical Assistance Contract for the Elderly program who were discharged from hospital after acute MI (International Classification of Diseases, ninth edition, clinical modification [ICD-9CM] code 410.x excluding 410.92) in 2004. Aspirin use and adherence were obtained from Newby et al. 5 Under usual coverage, patients in the cohort were assumed to be receiving prescription drug benefits through the Medicare Part D program, with 37% of their drug costs covered by Medicare. 16 In the hypothetical full coverage scenario, we assumed that Medicare paid 100% of drug costs.
The impact of providing full coverage on medication adherence was calculated by applying expected changes in adherence from given changes in coverage (ie, price elasticity for prescription drugs) to current patterns of use. The proportion of patients who would remain fully adherent as a consequence of full coverage was calculated for each drug separately. These incremental changes were applied equally to all groups of patients currently nonadherent to the particular drug (ie, those taking 0, 1, 2, or 3 of the other drugs). For example, the incremental increase in statin use from full coverage was applied equally across patients currently adherent to no drugs, aspirin alone, ␤-blocker alone, ACEI/ARB alone, aspirin and ␤-blocker, aspirin and ACEI/ARB, ␤-blocker and ACEI/ARB, and all 3 (aspirin, ␤-blocker, and ACEI/ARB). We used conservative estimates of price elasticity (Ϫ0.16) 17 for our base-case analysis.
Post-MI Event Rates
Because event rates vary as a function of medication use, we calculated post-MI event rates for patients taking 0, 1, 2, 3, and all 4 components of combination therapy. Contemporary estimates of post-MI events in the absence of treatment (ie, taking no aspirin, ␤-blocker, ACEI/ARB, or statin) do not exist because event rates in post-MI registries or the control arms of clinical trials reflect the use of at least some components of combination pharmacotherapy. Therefore, we calculated baseline (untreated) event rates by decomposing current event rates into the rates among treated and untreated patients as follows: current event rateϭ(event rate in untreated patientsϫproportion of patients who are untreated [ie, nonadherent])ϩ(event rate in treated patientsϫproportion of patients who are treated [ie, adherent]), where the event rate in treated patients is the event rate in untreated patients times the relative risk of outcome with treatment. We estimated the relative risk reductions resulting from combination pharmacotherapy using the peerreviewed literature, 2 We estimated the incremental effect of taking 1, 2, 3, or all 4 drugs by multiplying the relative risks compared with placebo of each component of treatment based on Wald and Law's multiplicative assumption. 18 We used averaged risk reductions for all possible combinations of 1, 2, and 3 drugs in our analysis because patients who are not fully adherent may take any combination of the components of combination pharmacotherapy and because each combination has a different efficacy. We conservatively assumed that aspirin and statins did not reduce the risk of CHF hospitalization. Because the use of multiplicative models to estimate treatment effects has been debated, 19, 20 we varied the effect of combination pharmacotherapy on CHD outcomes extensively in our sensitivity analyses.
We obtained age-specific mortality rates for post-MI events from the Agency for Healthcare Research and Quality's nationwide inpatient sample, 21 which provides estimates that are consistent with the literature. 22 We estimated out-of-hospital death rates from MI, stroke, and CHF by multiplying inpatient mortality rates by ratios of inpatient to outpatient mortality rates obtained from the Centers for Disease Control. 23 We calibrated our model to data on life expectancies for subjects with CHD obtained from publications by the Framingham Heart Study 24 and the Saskatchewan Health database. 25 To account for temporal variation in the risk of post-MI events (ie, event rates are highest immediately after an MI and then decline), we calculated yearly event rates separately for each of the first 4 post-MI years. Thereafter, event rates were assumed to be equivalent to those observed in the fourth post-MI year.
Other Causes of Death
We obtained noncardiovascular mortality rates from US life table data. 26 Death resulting from stroke, MI, and CHF was removed from age-specific total mortality by subtracting the rate of death resulting from these causes by age from the overall mortality rate. 27
Drug Costs Under Medicare Part D and Full Coverage
Drug costs were obtained from a major online pharmacy 28 and calculated on the basis of the distribution of specific drugs within each class used by post-MI Medicare beneficiaries enrolled in the Pennsylvania Pharmaceutical Assistance Contract for the Elderly program. Because no drug costs are incurred for unfilled prescriptions, we calculated medication expenditures based on current and projected levels of adherence. In the base-case analysis, increased costs under full coverage reflect only increased adherence because drug costs are covered entirely by society (ie, patients and/or Medicare) under both current and full coverage.
Cost of Post-MI Events and Ongoing Care
The cost of post-MI events (ie, reinfarction, stroke, and hospitalization for CHF) was calculated as a weighted average of Medicare diagnosis-related group hospital payments for these events. Because single events are associated with multiple diagnosis-related groups, we estimated diagnosis-related group frequencies from the nationwide inpatient sample and weighted event costs accordingly. Post-acute care costs (ie, for rehabilitation and long-term care), which are not included in diagnosis-related group payments, were estimated from the distribution of discharge dispositions observed in the nationwide inpatient sample. Physician costs were estimated from lengths of stay, inpatient procedure frequencies, and the Medicare physician fee schedule. The cost of a non-CHD death was obtained from an analysis of costs in the last month of life conducted by the Centers for Medicare and Medicaid Services. 29 Costs for ongoing care in years in which no post-MI event occurred were calculated from the hierarchical condition categories model used by the Centers for Medicare and Medicaid Services to adjust Medicare capitation payments to private healthcare plans. 30 Average per diem costs were added for the proportion of patients assumed to be ongoing long-term care residents. [31] [32] [33] The cost of informal caregiving for patients who had a stroke but were not admitted to a long-term care facility was estimated from the literature. 34, 35 All costs are presented in 2006 US dollars. When current estimates were not available, costs were standardized using the medical care component of the US Consumer Price Index.
Utilities
Health state utilities were obtained from the published literature. 36 -38 Consistent with the literature, for subjects with multiple conditions, the utilities for the associated conditions were multiplied together. This assumes that a stroke, for example, reduces a subject's quality of life by the same percentage regardless of whether CHF also is present.
Sensitivity Analyses
To assess the degree to which the model parameter estimates influenced our results, we performed a series of 1-way analyses varying base-case inputs using the ranges presented in Table 1 .
In a secondary analysis, we evaluated full coverage from the perspective of Medicare. Under usual coverage, Medicare was assumed to cover 37% of drug costs for those patients who were adherent to therapy. Under full coverage, Medicare was assumed to pay for 100% of drug costs for those patients adherent to therapy. Therefore, the cost of medications under full coverage was assumed to increase compared with usual coverage because of both the increased proportion of costs faced by Medicare and increases in adherence. In this model, per diem long-term care costs and the cost of informal caregiving were ignored because they are not incurred by Medicare. In addition, the cost of non-CHD mortality was reduced to reflect only those costs incurred by Medicare. 29 Thus, event and post-acute care costs were lower in this model than in the base-case models.
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Results
Base-Case Analysis
The model predicted that post-MI Medicare beneficiaries 65 years of age who received usual prescription drug coverage under the Part D program would live a average of 8.21 discounted QALYs after their initial event, incurring healthcare costs of $114 000 ( Table 2 ). Those who received full prescription drug coverage lived an average of 8.56 QALYs and incurred $111 600 in costs. The model indicated that compared with current prescription drug coverage, full coverage for post-MI secondary prevention therapies saved both lives (0.35 QALY) and money ($2500). The cost savings from full coverage were attributable to reductions in nondrug healthcare expenditures, most notably the costs related to subsequent hospitalizations (Table 2) . Cumulative cost savings and improvements in survival occurred within 1 year after the initial MI (Figure 2A ).
Sensitivity Analyses
Our base-case results were robust to variation of all model inputs. Full coverage remained cost saving from a societal perspective as long as adherence increased even by 1% compared with coverage under Medicare Part D, and the average cost of a 1-year supply of 1 drug is less than $492 ( Figure 3 ). Full coverage also was cost saving as long as the relative risk reduction from combination pharmacotherapy is at least 53% of base-case estimates (ie, combination pharmacotherapy reduces the risk of reinfarction, stroke, and heart failure by at least 45%, 39%, and 30%, respectively), If combination pharmacotherapy were assumed to be only 25% as effective as base-case values (ie, to result in relative reductions in the risk of reinfarction, stroke, and heart failure of 22%, 20%, and 15%, respectively), the incremental costeffectiveness ratio of full coverage would be $12 640/QALY. The models were not sensitive to any other parameters, including patient age, baseline event rates, and the probability of death for patients who experience events.
Repeating our analysis from the perspective of Medicare, the Part D program incurred a relatively larger increase in prescription drug costs under full coverage than society did in the base-case analysis because cost shifting between patients and Medicare is ignored from the societal perspective (Table  2 ). In contrast, full coverage resulted in smaller incremental savings in other healthcare costs from the Medicare perspective because only those costs incurred by Medicare were included in this analysis. Cumulatively, full coverage results in increased costs after 6 years ( Figure 2B ), and overall, full coverage would cost Medicare an additional $2512 per beneficiary. Because changes in QALYs were as observed in the base-case model, the incremental cost-effectiveness ratio for full coverage from the perspective of Medicare was $7182/QALY. If the average cost of a 1-year supply of 1 drug were less than $90 or if event-related costs were 80% greater than those used in our base-case analysis (eg, the cost of a fatal MI was $26 000), this strategy would be cost saving from the Medicare perspective.
Discussion
This cost-effectiveness analysis of a hypothetical cohort of Medicare beneficiaries demonstrates that compared with the current Part D drug benefit, the elimination of patient cost sharing for medications commonly prescribed to post-MI patients would both improve health and save money from the societal perspective. The magnitude of observed changes in health outcomes is large and substantially greater than that observed for other interventions widely used to improve post-MI outcomes such as dual antiplatelet therapy 39 or early invasive risk stratification strategies. 40 In addition, average cost reductions of $2500 per beneficiary would save society $1 billion for the Ϸ400 000 Medicare beneficiaries who have an acute MI every year (Hospital Intervention QIOSC based on Center for Medicare and Medicaid Services Discharge Claims Data Warehouse, personal communication, 2006, Oklahoma City, OK). As such, our results strongly support the hypothesis that post-MI Medicare beneficiaries should receive statins, ACEIs/ARBs, and ␤-blockers without cost sharing and emphasize the urgent need for prospective clinical studies to confirm the effectiveness of this approach.
Our results were robust to many of the model assumptions. In particular, full coverage will dominate current coverage (ie, be both more effective and less costly) as long as more patients remain adherent to therapy than would have otherwise. In addition, although the analysis conducted from the perspective of Medicare did not indicate that full coverage would be cost saving, the incremental cost-effectiveness ratio of this strategy ($7182/QALY) is well below accepted thresholds for commonly used therapies.
The present analysis extends our prior work that evaluated the cost-effectiveness of providing 3 years of full coverage for combination pharmacotherapy to post-MI patients from the perspective of a typical commercial insurance company. 15 In contrast to our previous results, full coverage was costeffective but not cost saving from the Medicare perspective. There are several reasons for this difference: We used Medicare hospitalization reimbursement rates, which are lower than those paid by commercial insurers; we assumed that the amount of patient cost sharing for Part D beneficiaries is more than that for privately insured patients (63% versus 32% of drug costs); we assumed a smaller increase in adherence from full coverage than we did previously; and we considered a much longer time frame. Repeating this analysis using event costs similar to those used in previous analyses of full coverage 15, 41 resulted in full coverage being a dominant, cost-saving strategy. Lowering the average cost of a 1-year supply of 1 medication to $90 also makes full coverage cost saving from the Medicare perspective. This scenario is easily plausible given the availability of $4/mo ($48/y) generic medications at many retail pharmacies and the likelihood that Medicare prescription drug plans receive even greater discounts than those available to individual consumers.
Overall, our results help make the "business case" for Medicare to expand current levels of prescription drug coverage provided under the Part D program for post-MI secondary prevention therapies. There are many interventions designed to improve medication adherence, 42 although those shown to be effective are resource intensive. In contrast, the selective reduction of cost sharing for medications of proven efficacy is administratively less complex and may be scaled to large numbers of patients. Moreover, there is precedent in Medicare for selectively offering benefits to patients with particular conditions (ie, individuals Ͻ65 years of age with end-stage renal or Lou Gehrig's disease) and for particular medications (eg, injectable medications under Part B). The challenge with this adherence improvement strategy, and value-based insurance designs more generally, 43 is identifying the medications and associated health conditions for which reducing copayments for prescription drugs will simultaneously improve health and reduce costs, as we have demonstrated for post-MI secondary prevention medications. ACEIs for diabetics, 41 statins for high-risk primary and secondary prevention of CHD, 44 and antirejection drugs for kidney transplant recipients 45 all have promise in this regard. Accordingly, large employers and insurers have begun experimenting with the selective reduction of copayments for patients with a variety of conditions and have found favorable short-term economic returns. 46, 47 Our analysis is subject to several limitations. First, our results are based on a cost-effectiveness model that was built using estimates from the literature rather than the results of a prospectively conducted trial designed to compare full and current levels of prescription drug coverage. Moreover, because many of our model parameters such as the true benefit of combination pharmacotherapy or the effect of completely removing out-of-pocket costs on medication adherence have not been rigorously tested, our results should be considered hypothesis generating. It is reassuring that our findings were robust to our assumptions. For example, we found full coverage to be cost saving as long as combination pharmacotherapy reduced the relative risk of reinfarction by at least 45%. By way of comparison, this is less than the relative risk reduction over placebo expected from statin therapy alone, without considering the other constituents of combination therapy based on conservative estimates of the trial literature. 2 Nevertheless, a high-quality trial in actual practice is needed to validate the results of our analysis.
Second, we did not evaluate the impact of cost-sharing reductions for other commonly used post-MI medications such as clopidogrel and higher-potency statins. Although these drugs provide incremental benefit over the regimen we evaluated, they do so with significant increases in expense, and their long-term role remains economically undefined. On the basis of our previous analysis, 15 providing these medications in the short run appears to be an economically viable strategy. Finally, we did not evaluate the impact of providing insurance coverage to those currently without insurance. Although doing so would result in significant increases in drug costs faced by insurers, it also would likely induce a significantly greater number of currently nonadherent patients to begin using these drugs than among the currently insured population we assessed.
Conclusions
This Markov model-based analysis suggests that compared with the current Part D drug benefit, providing full coverage for combination therapy to post-MI Medicare beneficiaries would both improve clinical outcomes and reduce costs from a societal perspective. Our results extend the growing evidence that reducing patient cost sharing for essential medications is an effective strategy to enhance medication adherence in the face of rising healthcare costs and suggest that ongoing efforts to implement this strategy in the private sector should be carefully evaluated and potentially extended to large public insurers such as Medicare.
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